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(54) WALKING POSTURE GENERATION DEVICE FOR LEG TYPE MOVING ROBOT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To smooth the vertical 
movement of an upper body and movement of joints by 
providing an upper body vertical target position deciding 
means which decides the vertical target position of the upper 
body based on the upper body locus and a leg part link locus. 
SOLUTION: A walking way of the feet is decided so as to be 
stored in a ROM 84 of a control unit 26 as a foot flat locus 
parameter. An upper body locus parameter is so decided as 
to satisfy a decided target ZMP and stored in the ROM 84. 
The stored parameters are read out one after another so as 
to be inputted in a foot flat locus calculation algorithm and an 
upper body locus calculation algorithm so that a leg part link 
locus containing at least either one of the target position or 
the posture in the tip part of the leg link, namely, the foot flat 
position and posture of the both legs and the upper body 
posture and a horizontal position are calculated. 
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[#§*fll*©S5H] 

C ffwag i ] $>tt < t i>±#t . «rK±ttK» l ©na 
Hfrtewse #-e©$fci£9S£ rcc4>& < £ & i <i©ffi 

2©W©£*rbT&£W5£*£S&citfy h©*££fiS,£lg 
a. HtilB±«:©*^fSJ@^&S*J«J;J>-^©^^< t 

c . fria^es nfc±fttws**»<t ww» v > ^iukcs 

&m&$:ffi&-?Z>MZ#-tb. ^©8¥£*&Cj!gfa±f*©l8 

[»*i2 3 Htrfaiftoi&a^isjfistcKt-sai^M 20 

&fr&&StS5S;*s > 1 *> cfcO'li 2©B8gii©4>& < 

c t z&mt? zmum 1 JSfais©jW3$£s& 
im^m. 3 ] mum 1 *$<t^ 2 ©i»gp©4>& < 1 

[»J»B5] 8WB±<*©*T#lSlB«<aiB*St>B« 

^*j<tj>'Birfawsi5y > ^5^8SP©aetaa:*-5^«^ 
£-r&M3&9 1 «%t»u4^©«,>-rn*>«:fa«s©j«is^ 
cat** e ] «ria±<*isa*(6js«{4g9iS^is«. 

e . Bufa±#©l8fi::frf6l©@«l{ig£ nfl ( n £ 1 ) & 40 

f. mumtmzn®<DmmtiLmt<D¥-i$)mz*ibZ¥- 

z = f mm) 

= a„ • t" + a.. 1 • t"" 1 
(±iar-. Z:±i*©@«W3. t:B$Sl) 
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Z= f (X) 
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[§i*3S8] mrfa±i*$Sii:*^@S(4g^»*. 

g. Huiawt**/c^(ii©^&< i*>c^-rn^?r¥?t 

[ 9 ] guia±<*S8iS:fr|Slg«{4fi&^©tt . 

g^*a*'2.tH*iRm^»©^< tb^-ftifrtm^T 
©^-rn^ictatsww^ftn^'--' h©^^x^g. 

[I»#JI10] MtC. 

h. BJESKES nfc±(Mfc»4 . *»y>i»fl»i. & 

i. mfiaa«M«pfti^Sct i 5K:Btiia^l*5j;0'^2© 

TSf»3£3i i a &t,> l 9^©i^-rn*Hciaig©w^®i 

tZftutf? h-e$><3. miia^ i amtiHfiWMB. ffiaur 
2©B9S5*^Kg5-c*-5c i^^ssti-rst*^ i mt* 

Ull 0^©CiTti*>iciat£©WS^«)a#^ h©#if 
mtSflaMgp, Hgia»2©Mgp^Kip-C*?>Ct?r# 

mi-r^tt^ 1 3f£a>u 9 «©ir>rn*»KSEStt<owsc 

[0 00 1 ] 

[^©B-T-S^R^-If] C©%a^«. WS^ttn^'i' 
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[0 00 2] 

[fie*©S^] IWftc^-; Hi_Bfc fccfcO' 
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— a. „ "X" ~l~ a. „ _ t * X" 1 
(±ie-C. Z : ±{*©@Hl*3. X : ±#©g«*^ 
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[0004] hiilstc'&Skim^&X'te. m<Dftm$i<D 

^(C&SSft, ^^T'±f*©@SlS3 . ±#©B«*¥ 

^i(cS^I,>tI+* ^ ^ XigK i o t»©S« 10 

[0005] ±fBbfci£*8»£(C:teW&±f*@eiii; 
SifcSE&l>0£fiR«:tt. ±#©S18*¥{ig. ±f*©§ 

*«fccf»©5fcws©B*{4B • ;gs*©fas**K 

KS4TCt>&l>®r. ftfr*»fcTW©Hlfflfta©*fia« 

6±# * -cross****©* y > ? ©es ©«<* o & 
{*« urt>. *tt*»fc*s»#iftftt»c ifctwe* 
[oooeiwcfe. -^r a. >s 

a U-j/a >±©^tfti^«cJ:oT±ft©@«l*3©M 
tfc£fcjeUT^/c. l/*Lft#6. ifrfr'** ->£&*¥ 

c». S6tciH&/ffjL. iS3i/{£ji*tf^i'©3Stt. Aa 

[0007] -en6^r(c>ptbr->5 *u-~> 3 >±© 
W^S-eWiflMOBBWS £§S btfc < C it*. 
fci*.WIS<l©H5S^*->fClE3gL-Cfe. S«t>T^ 

ware**. jwoiaajftttoa^fipaEf *«a 

**ft C»/cJf>, ±15 0 fcgfcfc&ffir » ';r**r<fAKB& 
ft u r^tf 3 1+ * c i a»-c* ft* o fc. 

[0008] Jg{csi©ese3ttaw*ffi«:j»(,»r«. ±ft© 
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gfil'^. n«c7to9X.S£ftfc. 4>ft<ife 

■C©WK*tor. IWttMI»£±f*©JiPtt9ttW«l£©* 
[0 009] lyfrU C©Se*^^StC«fcSi#tt. 

HW**(cf*o'<?)r>fcit. ±tt©±T»©ftnag*^ 

ggiccft*. Wittf. 2Jg$fr©Jft£. ±&©Bi3©fi 

a* «3 . «*ft±TJjnjtg#f££-f s^3B£a<£> fc. 

[0010] 

[£■»**«& u j: 5 i-rssian c©^w»se*e»B© 
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+ • • • a, • X' +a, 
X.6ft*&*. ±{*©±TIM8J:cra«©l&*a s if6*» 

a*? h©^g^^g*t^-r*ci?:@e«ji-r*„ 

[0 0 1 1 ] EK. ±fl£K3*l»< 

h©*SF^«dat«*a«r*ci%*2©a 

WiTS, 

[0012] SKU*. I8l5$f£8fratf? Meteor. _h# 
iSS4l*< ^A^nSi*. ±<*©±TSb 

*»J:yWI5©Kp*3W»63&»'e. frogEtt. 3IS*J«fcO')JP 
j*K©®«*vjN3 < ft -Si ^{CffiiBcitfciftiSSrifcg-r 

#» h©*fr^fi^«*««r&Ci4ttfi^ftBWi 
[0013] 

[WH*w«-r*fc«)©*s] ±se©sw 
s>ft. s*3ii^tc*^r{*. ^ft<i^±i*i. ftriB 
±f*«c* i (DMmzftL-cm&stizm&vm&v > 

4> i*6ft 0. lulBWSP'J >*#*©ifcifl»*rtcil>tt 
< it lffl©*2©Hffl**0TftiH3C®«&Ei#? h 
©J^g^tSSSSKtei^r. lwe±f*©*¥*fiiB«&a 
fc<fcD^S&©*bft< ifci,>-r*i*»«:£#. B«ffii:tt©l3 

s^e. Btrfa»ge , ;>^5 l c®a5©B^{4S*5«t<> v *^© 
4>ft < i fcc>-rn*>%stfWSi5 u ^ftmzmM-rzm 

*j «t o'was > ^«u»«:»-3^-ct?iB±*©i3ii:^i»ifi 
flBcwr-5a«M»*>6ft4«ac*»sr 
■e©^*accB?te±i*©iSit*rsj * ± 

CC-C r±ft©ISi|[^|fiH4gj i*. ZfJLh©filK:|SK 

[0014] mtm2mic$>-yxit. f5ia±^©isii:^ 

*ft»KH»*»?>ft*^s;r*Sip< ^b/c,, 
[0015] ft*3i3^«:*-j-c«. Biriagr i *s<to'^ 

2©Mgp©4>ft < i 4>t>-rn*©^{4«:H-r-5i#6*ft 
^Httft>6ftS«3&P. wil2^2©liggp©^fiL*jJ:C>* 

as©ipft < i *>t»rn*tcB8 i/-cstfl^;i ft o r 
[0016] »*^4^iC*o-C«. Bui2±ft©isa:^ 

0 [0017] »*151(Cft-5t«, HulB±ft©*^ 
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[0018] m*m6m<<c&-?-cte. miz±.m&m.jjft 
a«fik«»3e#s«. «WB±»oiflia*is»©B«fl«* 

fas? £ mi a n <i© @ «<ag <t ©we s 

a«(4B*i»3e-r s*n < mat uit. 

[0019] a.#iS7 wcfc^rw:. METOTOAlS io 
[0 02 0] i»#JS8 JJHCifcoTtt. HuiBiftlSa^rSl 

fco 

[0 02 1] |$59fflK*ot», HrBifttMDffll 
B*tMKfcSi.#&tt. B^£*Sl>«J|^«£©4>&< 

[0 022] 1 Ogtcfe -o r». »c. NEM 

sn/c±^iiMi. mmv ^m$utc±w 20 
m 1 4»j:c^2 o»«*sEtiaw»'r4saa[fw»#s*d 

tnta< .tabfe. 

[0023] n&m 1 1 «tc& r«. frfews^tta 
wssaijera®. ffte^ 2 ©hap tf^flrc* &$a < fltis 

L/C. 

[0 024] tt*XR 1 2WK:ci5o-C«. fTRn^ttd 
v Y # 3 J»«±©IMl.**rr 6 £N£ff D^^7* 30 

[0025] 

o^(4, jlSfe «fc tfttl jIS©®*!*^ 3 < ft S «fc 5 K . 
j^{t±ttlg3£&STSC<bA5r#S£ifc(C. JzttiS 
^l&O^^-^A^ieftSct*. ^tfttifCUTJU 

^-rsct^-c^So 

[002 6] fgfCtt&S£ftfc±{*ig££^t?«i8fr£H 40 
Jg-fScfc^ttP^ h©$®£^{iiliiJSp-f sc£#-c# 

So 

[0027] 

Wc&SWsSgSba** h©#£^i£g£|jo93TS„ 
mn&Wja*? t-£UX2& (2») *Htp* 

? h^fcio-ctft^S. 

[0028111 ti-e©2£*Mfci*'y h 1 
:£t£©l&fP30-C&i3. B2tt-e©2JE*MTC!#? h 1© 
^©Sf£K^j££*$l>-C^-f ^^uh>a-c*4. 50 
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[0 02 9] 0^©in< . 2£$ff a* :» h l «££f-e 
ti^n©WSU'J>i'2«:6<i©Mip ; S:<i^.-5 (3&?©ffi 
fi©fc*tc&Kg6*-en^igS6^'S^lft*- £-e^ 
r> . 6ffl©«|gptt±#>£J«K:. J8 (MSP) ©WSP®]^ 
ffl©l»g510R, 10L (*i»J*R, ffl9J£L£-rSo 
«TPID) . US (USB) Of-^SlS) (Y$ii£;b9o H 
^[6]«02(C^-r) ©Mgpl 2R, 12L, I^P-^ 
ft (XttlSfrOo ftHSK^KTiVr) ©Mg5l 4R. 1 
4L. K»©fc:»*2Fi»j©W8fl 6R, 16L (lulBL 
fcff!2©ll8Si) . £SI$©tf-, ^?>ft©fWgpl 8R, 18 
L. fta-;b;£ft©|»gp2 OR. 2 0LA>«3tl 

So 

[0 0 3 0 ] 2 2R, 2 2L*5K#3n 

So ft. C©BJJWr*«. JE (foot)?: rj£3p.j 
5. £/c. g±(4(C«±i* (Mm 2 4*5|S:W6ft. 

6ftS$lJ®^-f h 2 6 nS» ±te(C*5^ 
r«5KI© (MB5I5) (BUfBLfc»l©B3t5) ttMSil 0 
R (L) , 12R(L), 1 4R (L) *>6>. JSHSgp 
ftt,iOSKSe«MI5 1 8R (L) . 2 0R (L) 
ESSnSo S/cflS5Bg5t^M®<t(i^:iSU>^2 8R. 
28L. J&l«gU£H©£ttT15y>*3 OR, 3 0L 

-c*&;*ft£o 

[0031] ±fa©tt>stc «fc o . mm ') > * 2 «£*© 
sccoi,»r-eri-en6o©eiK*#^6n. ^It^k: 

Cnf»©6x2 = 1 2<!©MgS£i®fiftftlK-C|gto-<rS 
cif, J££f*^g©»>££#;iSC<ta5t?£. tt* 
«:3^£Fa1£^T3-eSC£#s-C#&. ft. D*?!' 
1 ©IIBBIIElMHJWcfc^T . @I«S3%«C3 2 (c^-r <fc 5 
K. 33$W£»«<!:-rS. 'J>?92, 94, 9 

6©ss«^«t-rs (ii-njcne.® 1 ^?®^ 

«iSfS) o 

[0032 ] ft. C©8J3*ffl»-C±tt»3te. ±(*2 4© 

mjEGLSzmtu. *^w«:«±{*2 4rt©2£^tp^ 

(t32fC^9 8tvTt) tci'©M.^Mt4. 

[ 0 0 3 3 ] m 1 Kl^-rilK . J5.KH8 ©T^K {J-£^D© 
6#^3i2>1f4 4A^#§n. ^J©3^rrfi]^Fx, F 
y, F z i^e-^> h©3^[Sj^Mx, My. Mzt 
frSdSb. JES15©«16©^ftt,^Ot3:Sia#afti'^^ 
ffi-TS. t/c. ±^2 4(C(i(«i4-fe>-!f6 0*sg:g$ 

n. zn (istcfris]) tc*ff sM#i-e©ftae*«im 
-rsn-2 ';x>3-^g:w6tiSo 

[0034103 {ot$Uai3.- h 2 6 ©i¥ifffl?r^n-r T'P 
So -ectC*JC>T{SI4-fe>^6 0fti'©W^J«A/D^ 

otfyf ;uffltc^$n. -e©a*ii/<x72 

£/|-0-CRAM7 4«ti*e>ftS. tfcS^SJl*-^ tcR 

SLrreg3nsi>3-^©Hi^j*>5>$7 6^^- 

OTRAM7 4rt(CA^33tlS„ 



[0 03 5] Vm^-v M*3tC«CPU#>6&-5>!fll . 

m2<Dmn^8o. 8 2&w>vhtix*5*). mi ©si 

f?$|g8 0ttf&i£©$n<, ROM8 4(C^» 

3 ti-c^h^^jt - ** *m&m b X ±*i^3 

fclimu RAM7 4tCj§HJ-r 
5. SfcS2©IIgg8 2(iRAM7 4*6-e©gfi 

ffl)-f&. 10 
[0 03 6] m4teC<D$m<Dmfc*:^-?m&-7'CL v 9 

f (0 sup, 0 swq) = l/sin(0 sup)+ l/sin(0 swq) • • 

[0039] »M3p£W«eH«-cs*.«. ^©<t ^ tc. * e su P = H(xt>, 
e»su P te±.#<D&m. mm) cxb, zb)i^:j#w©s¥& 
g (SMmmi (xsup. zsup) ©pgrcibO. ©swqtt 
_t<*©ftg mm) (xb. Zb) t«i©S¥{4§ (St 
(Xswq, Zswq) <Dffl$i.V&6 Q * 
H(Xb, Zb, X, Z)= 
acos [ { (Xb - X) • (Xb - X ) + (Zb - Z) 
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[0 03 7] 0^©2S^tfn^'y h 1 K*JC>-C. Sf# 

w©ttH©©fttfft?:0sup . mm<Dimm<Dm-fn^ 

0swq iSII-r^. *fcJKttAIB£H«K«#Kt,*»llB 

*5e>&(,>fc©£-rs„ m^. <80su P fc<tu : 0swq tijE 

©fiii-T-So &W-22R (L) ©{agW. 

sirragpis, 2 or (D ©es (ffim) £-r6„ 

[0 03 8] C C-C, 6» sup <k 0 swq (CBtrr^ffi^fc 
aMH&f(0sup,0swq)©0!l<hL,T. ^^iS^-TS. 
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Zb, Xsup, Zsup) 
0swq =H(Xb, Zb, Xswq, Zswq) 
[0040] CCt, H(Xb, Zb, 



X, 
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z) 



(Zb- Z)} /( 2 • L • L ) -l] 
• - -5£3 

★ x.Z) OffiiX&ZCttciSMLteVtitetebts:^. 



[0 04 1] iC5t?. acos©Sftti^[-l,l]-C*-5© 
T, H (Xb.Zb.X.Z) ©5c«^«. ^^?i/c-r(Xb,Zb, ★ 

(Xb X ) • (Xb X ) + (Zb - Z) • (Zb - Z)S4 • L • L • 

c©5&*, immts-w-am. (g.wmm <d&mak m [ o o 4 2 ] s^kj: o 

f (0 sup, 0 swq) = f (H(Xb,Zb, Xsup, Zsup) , H(Xb,Zb, Xswq, Zswq)) 
[0 04 3] C©C<btt. MS©ftlfft©MS!f(6>sup, 

0swq)ti, ±(*©fi[g mm) tm3.y-Q.rn. (&wm 30 

^) ©H8£fcq(Xb,Zb. Xsup, Zsup, Xb.Zb.Xswq, Zswq ) 

(Xb-Xsup) • (Xb-Xsup) + (Zb-Zsup) 
(Xb-Xswq) • (Xb-Xswq) + (Zb-Zswq) 

-hiar-g t>mz>frrj:mmm$LX$>z>. 

[0 04 5] ?r. CC-C*M^q(Xb,Zb,Xsup,Zsup,Xb,Z 
b,Xswq,Zswq)tC4B(r*"C. Xb, Xsup, Zsup, Xswq, Zswq?: 

i. Wlfcg«;*©1±ff£ffo 0 

[0 046]14Stl 40 
$>2>±.#0y!K£<iCttUX (Xb.Zb, Xsup, Zsup.Xswq, Zswq) 

1)^GX^KhtiZm&e<DfcWm$>Z>Uh&. BP 

85Hf5^6S£¥ (smrase) s-e©is^*H>-rn 

feW©fi$2LWT-C$>^%e>«, ±<*©jg;*Z b£i« 
< t" 5 fC O nr Htfcq(Xb , Zb .Xsup , Zsup ,Xb , Zb , Xswq , Zsw 

q ) ©<Btt$£* &ca& < n v) . t>rtt#>©&aH*D^& 

[0047] t©tfeft». as. Ki&g£8¥org©fiI 

m$if<D&mfrt>bmmicm<c£wx£z>. bp^. a so 
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[0044] (10. q(Xb, Zb, Xsup, Zsup .Xb.Zb, Xswq, Zsw 
q)©^H«> f (HCXb.Zb, Xsup, Zsup) ,H(Xb,Zb, Xswq, Zsw 

-rS(Xb,Zb,Xsup,Zsup,Xb,Zb, Xswq, Zswq) ©ifi-e&S. 
(Zb-Zsup) ^4 • L • L • • • 5£6 a 
(Zb-Zswq) ^4 • L • L • • • 5^6 b 

TUiis^xiMaymzz bSrAK LX^< <b. ^©ft 
i-fpi e sup *s<fco*e swq «^cifi-^< ©-c» ^ i ©^32 
■&s©'^e*^ccfi-5ir , f (0 sup, e swq)©ffi«efc* «c 

[0 04 8] Ctl«, g^WKW. 0sup */c«0swq 

<r>\.*-rtifrmm>hK.ix-3tcL c #c^x.tv«. 
isfnMiAifWW^fcic zx-iZ, i ©*2©c^-rn 

^©^^EBA«:^C 0 v f(0sup,0swq)©fii{*fel^C(C 

[0049] q(Xb,Zb, Xsup, Zsup, Xb.Zb, Xswq, Zswq ) $> 
StH*f Q6 sup, 0 swq)«C C©«fc ^ A«ctt»*5* h Ci^ 

[0050]&12 
jlS©^tf(C*5^r«. *-SfilC07&S???SEO. ^7?SI 

s-r-sff.^©fiic{c*fur. ^jcscs as/das b? 
?«s-ri±*©«5 z b*s^?£-r^. 



(6) 



C > CO • • • S7 

f(0 sup,0 swq ) =C • • S8 a 
q(Xb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zswq) = C • • • S8 b 
[0 05 1] 14S2<D2gtti 

mnvmr ec*si>rts. ±tti»3 Z b £iS3K:ig:5E-r*i 

jeMg5^6£¥ (smmip) tvemma. mom 
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*iSSZb^a^«:^-rn«. S2a. S2b> S3t 
#5?>e>*'l£0sup £0swq A^CC^SSrSSST* 

[ 0 0 5 2 ] 6 sup > Sfr~o9 swq > 5 • • • S9 
gi f tm— ©I^Ci, fc^O'Sl <tS9#>6. 

±#it;3z bSrS^ccfss-rnw:. si o^sissn 

So 



q(Xb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zswq)< 1/sin (5) + l/sin(6~) • -SIO 



[0 05 3] C<DtZ<D±.#m$fr*>m*< l C±#M2$: 

^s-rs±ftS3 z b &c tzm.'mrz,. 

Vsin( 5) + l/sin( S) <C <«SPBA • • -Si 1 
Vsin( S) + l/sin(S) ^COifcWW;, 14S?2#if#e> 

[0 054] t±» 1 fr*>'X<m.nvmfrtiz>. 

[0055] tt^3 

S8 a£fc{iS8 b£-#§£-r £±fti«i*Z bttC£/J>>£ 

< < o «£<&")) . c * < -rnu::*: 

(?*<ftS). c*«HR*«:*s<TS£, 20 

ft:. C**#<TS<!:. MH8pftg«¥^or/h3< 
Saw. flnS6*ffitt*&<tta. 

[0 05 6] 1*fe»4 

f #S l ©Wi 5{cfc6©iHWj5ft{c*tor*J1* 

£. •£©««« ft U S^fflil©)«l^(#5S-rS. BP*s. W 
^©^±w±*#£W&c#i§<*n£©-c. B&P©Jg{* 
fi*54>ft<TSK?. tot, $ffl$®M&fti£Sffi&ft 

&'h3< 30 
[0 05 7 ] ±mmmt L--C. C©S£g©8OT>£i&B;3 

[0058] m4ic9jk-rua<. c<ommt. zw-mfW 
£<D^?f©^Ftts*5^F>n. -e-f-ucs-^-ts©*^ 

HUiebfc$fl©JL-^ r2 6©ROM8 4KtS#i;*tt£ <> 

[0 05 9] *fc. mmLfs^^y^ 'fXtds^xmU 
ZMPCDMA^Jtl. -e©&5E5ft/c@«IZMP£ 40 

f ( 0 sup , 0 swq) = 1/si n ( 9 sup) + 1/si n ( 6 swq) 



5, ft. ZMP (Zero Moment Point ) «, i#S?(C«f:^ 

>rMx. My*5fifj;Sjfia-e$.5. 
[0060] t^3ftT<,>£^7^-£«o£#lK«&tfJ;* 

SlfBHSiS 18. 2 0 R ( L) ©fi[g • ^1$) *5<fcJ>*±f*: 

[00 6 1] <fc*)JM*ftfc:«. S57D- • 
^•TAP< . S 1 0*>6HttLft:ffe. S 1 2&Cjt/^T» 
BSflAt (*)JfflliSW„ WAtflOms) Zt<DZJ-?m 
9&»*ttMU «0ii**J**iS 1 4fcjtA,-CB$M 
t*Atft:WE*rU S 1 6fCjlA/Cl&lt OSfflS 
SO) «cfcWS@*§±f**¥&g (xb.Yb). S*g±(*i£i£ 

cexb, evb. 02b) . mmomm&w- (s.wmb) & 

M. (Xsup.Ysup.Zsup.Xswq.Yswq.Zavq)*}^;^^^ (0xs 
up, 0ysup, Szsup, 0xswq, fiyswq, 6 zswq)?:#m 

[0062] ^>TS 1 8KMt?gi±*il3Zb?: 

[00 63] 06«-e©a«±<*]S3r^r;u=f';XA 

[ 0 0 6 4 3 0 6 HCTftVTfczty XA«bu^©«* 
/lS?r3>X7cKfi2;SBLfcfc©'C&S«, i2©«*ll<!: 



SI 2 



[0065] s/c. ±.#m2z'Vkm-?ztcit><Dmj£± o 

TWT©S (5fe©2^7cr©^©S8 atCfaa) 
f(0sup,0swq ) =C • • SI 3 

[0066] c<Dmm<D%>mx-kt, s 1 2 . si3*i 



50 



[0067] WT. 06©7d-^*- hs-ttwrs 
<!:. 5feTS 1 0 0(cteotl«±(til?Z b*mkib? 
■So cntt, e«±^S5$Zb?:i|x^^«:J:^r*«6 
Sfcd?)©t7]Wfiir-&s„ 

[0068 ] il>tS 1 0 241TS 1 0 4tCjl*. bu 
IBLfca«±»7K¥&S (Xb, Yb) . <S@«±^i«3z 
b. Ii±»g» (0xb, 0yb. 0zb) . pMPK-3t»T 
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©§!!£¥ (SITMhp) {£g • (Xsup, Ysup, Zsu 
p, ©xsup, 0ysup, 0 zsup , Xswg, Yswg, Zswg, 0xsw 
q, 0yswg, 0zswq) #>6. ^^©tC <£ -pT^W 
OgfNKmffftS (ffiUS) iitW©gHllSIWgi5u7.g (m 

mm&W-i&M. (£*Nflj£«0 ©M < rAxsup, AYsu 
p, Azsupj &m) &£M><!>g&jRKia!l&B (IS8) 

(£ifHg5ffi«) ( TAXswq, AYs 
wg, AZswgJ <tt,>5) 
[ 0 0 6 9 ] M<,>T S 1 0 6 Kit*. =#IH£Sc©5EStC 10 
8rJc^r^<DS;tc^or^W^KIg5ft6»sup 

KHSpft 0 swg S 1 0 8 Kit*. «ft 

1 3 ©ffiia©fa©^Err *f*ffjtctt. H^© 
*P<, 5£1 2CD«ia^e»^C=&2«mbr^Err SrHlii 

[007 0] i^T S 1 1 0 CCjt*. Err (DtimmW 

+»'h3t»*>5*>*«K-r*. s l l O-eW^ffiWrt, 
^ast&t-ts. 

[0 07 lifted. S 1 1 O-Cg^ftSiifWS 1 1 
4ttjt«&. S^©lgatCj;otiSS?:f*5„ ft. 
C©5£tt^Err ©^£ Z b T«#OTf#/c *>©-?* 
5„ &>rS 1 1 6«Cjt#. -ecDi^<DgM±ft«$K 
S • Err fcflnilfcfB. BP*3, ^Err «C«flfS*3RDA: 

Z bCCftAU S 1 0 

[0072]^, iS<D»t4«l>i«-C«gI± 
f&SSK-S • Err ^JiaifcttAl^CSaiSie^S 30 

[0073]157ti-'ft-h £ . S 

2 o tcmA,-emm±&*¥-&.m (xb.Yb > . @«±(*s; 

3Zb. g«±#5£f£ (0xb, 0yb, 0zb) . P9l»©@« 
JS¥ (SItPep) <4§ • (Xsup, Ysup, Zsup, 0 xs 
up, 0ysup, 0 zsup, Xswg.Yswg, Zswg, 0xswg, 0 ysw 
g, 0zswg) frh<L$&<D'&*r%-?7- ■< ^X?f§gUC <fc 
@1§:£WSift. BP<5. HilOR (L). 12R (L) 
tiif. 1 2<I©B8gii©geiaK£;J?«>S„ *«>ft:Hfl!ft» 40 
B«iat/cRAM7 AULW&th. 
[0 0 7 4] ^TS 22KiI.fr. 
tt£J:9ec. B?iiaL/c?IIS^g2«:*5t^rD^-y r ©£ 

[007 5] C ©HSS©ff^tt±fB©in < L tcO> 50 
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#^;L h n -&<!:#. ±<*©±T»fcJ:t>'IWgp©3»##ff} 
SJ:5K. aiEfc±&iiS3£&;rrsc£#rs&„ 

[0 07 6] IK. HuiBGfci^K^fT't'K'jTrt'W 

AKi&its^&s-f-scttf-ci*. ^ntcs^J^rM 

[007711K, ^5«JWBSHBfl(C»or*t»aia 
#W«IU ^©W^ftSSStt^Ci^-ct?. W5tim© 

[0 07 8] IK. ±fl5©ttfi#l6lti«a»*S < 

©isia^ioias^s^K:^ -jfci ^ftiKAi ^sct^ 
ad T-5 fc©-e*nii^^„ 

[0079]f8«C (DmJXOm 2 ©SU6©7£.«CC&£ 
^©«fi£*^TtSti^n 9 H9 »*©» 

[00801 S2 ©ntfe©^S8-r». @ 8 K^-r*p< . 

utc 0 ck9*»wcc«ai occ^-r^^K. 

s¥) ©ssfis©^*. nn#9 r*^*iieE-r^ 

Ltc. 

[0081] m9itm2<Dm]&<Dftm<,cmzgim<D® 

[0 0 8 2 ] JitTiftWr^xb. S20 0K.is^XiSmm 

KS^^-csLai^n-s,, iws 2 0 2«:it^a«± 

^H5$Zb?:<S^b, S204^iTS206KM 
T-^ 1 ©HSS©^i(^l«{cffi«±©fi[S©M*** 

[0083]«T. S20 8&OU2 1 8?r)g-C»l© 

mm<DBB<Dm 67P--?t-i ii^^^ws^tf 
©nss©^s©^«. mi<Dmfe<Djtm<D-ztitmtj: 

[0084] ^2©HS6©^«±fS©in< *8R£b/c© 
•c. ^i©sas©^.^tl5«IK:. ±ftiS3^^<^-5^ 
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*5(t^^t, atfit*»J:cfJipaiS©«B*s/jNS 
< £ cfc 5 Cc±ftjsi5 $ %JUEtc^-r 5ci*stt5i 

[ o o 8 5 ] ft. mi (DmmvBi&icm^zt. 
awpa¥<oiBea*w»*af^rsci«:j:or. mi 

HcWJ^tC. ±&©K3£;§:@WK:^t;?-|±£C<h 10 

[0086] mz.it, ±»<D±rmm^^mfbatc^ 

©T#ttliIg#A-# < tS?2 2 R ( L) ©StftE*5ffi 

^-re.Lrxf'^^ESi-r^cttnjfigii'iSo ft, >i 

[0087]il2 »C©fS3B©S&3 <Dm&<DM&lC% 20 
S 1 3 ttfg 3 ©^©#JBtcfi»*«t?»6*i*±(ttili 

[0088H3 <DmM<DnmMm2<Dmm<DBm<D^. 

$tiSii«i;«5fl£<^Lfc„ bp*s. mi zictm-zmmitx 
WcfrfiHcoor©. $<e. *MfjaJWftir©*fT©«Ftt« 

ffiL«WK^*. S «fc 5 K 0 fc 0 30 

[0 08 9] mi 3«-e-htcj:-9r%£3n&±fm3 
<. aaps¥«isr©ttia*iau(S3*Tific4«c«to. 

[0090] BP%. 0*n© 2S*&fTti#y h 1 (Dmfffl 

±. jgnfln 6R (D &fltf-c#trr 

tf*£. «H>©±Ttt****<«Co 40 

rssMs^©±T^ (±T»nas) ©sousteAifv 

x. HnB£©ttftS«>BrbLft:0. Bii*»6©tSWj** 

[0091] m3<Dmm<Dmmt±si<Dica< m&ufcc 

TttlSS^ffiSS-B-fc^f C i arc* 

[ 0 0 9 2 ] @ 1 4 «C©^W©^4©Ht6©0SS«:^ 

*»«©«ia*ii«-««E^a ^ 
[0 09 3] *4©XJ&©Jgffit>. &3©SBfc©J&S<h 

laJfllK. 12©JQ6©Jfag©^fl50|-e&9 . @*n©$n 50 
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<. 3«©S¥«l&><7y-**^;t£<i:5CC0;fc. BP 
^. fiEfifi¥*tt><9.rf-* 1 . #*©JS¥*»'<5.rf 
- £ tfiEBS 3 ! 1 *.®''^ y - £ 2 A>6 % £ 3 «©;< 

[0 094] <Si®S¥tm»WT;U3 "J XA 2 T#W 3 

ti-2>JS¥ffi§ • <i»jfi©Jn< *»WK«filrB8»© 

fig • g») ». 1 1 ommoBm-e&^tcttmtem 
mte-cbz. tbu. (Rffis^fi^mr^ayxAi-c 

[0 09 5] IHH&C, IftiSS^TJ^'UXAfeSl 

fflt$n, ±#«s r;u=fyXA 2 -c»3esn4»i© 

KBK©Jg»rjfi^fc«JW5a:IBzb2 «c»l/. ±(*iS3T 
AdyXil, 3-C^Sn-5ffiZbl,3 «. ±{$Si3© 

[0 096] &£$ftfc3i!©ffi«^-C^J$|7'a 5» 
*»&hfc±fl:iS3*5 <fcC»:-e©ffi©^ - 7^ - ^tcS^^ 

[0 09 7 ] Sfif4©5B»©»»*±R©*n< ^)xSL/fc© 

■c. fiessr©ssafc©^»iB«©a**irr*tft«:. s 

^n©in < . 3 ffl©jg^©¥^l[iiZbav5:*«?) 5> C <h "CMjg 

-5t#%<b'K©®f#©^:#(/^f%?f^^«:fc. ± 
[0 09 8] CCt, »2tt(,»L»4©Hill©^JBWm 

a ) ii»IS¥©$m?:B#S©^«^;«:J:-D-C^-rS» 

^tc«. ^3KS©fH»*re)T. 

9 (&mw-5 - 3 2 4 i i 5^ia«g©er#) zm^-cs. 

c ) iSJ»£¥©g*lfi8*fc:. B»fS©-r6La©^P^ 
[0 09 9] ifc. 92ftl>L94©£St©J&JRCC*sl> 

©tw^jaTJc^-r. 

nri^ts^Kij. -i}WD%Mfrtti>, bp 

fe. ^SEB#Mt<fc«J 4>««i9m^c©StLhtffiUE«R» 

65*. t»lCc^-r<fc-5K:fe5^ = 
[0 100] 



(9) 
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mil 



m 



XbvCt)=2WnXb(t+kAt) 
k=n 



XbO)liWt©i&± 
[ 0 1 0 1 ] b ) m&<Dgm±#At¥-ti.W.*7 jfctKX. 10 

ii-r. 74 ;uf©e»H»* 

(TnS +1)/ (TdS +1 ) 

[01021115 ttC©2«B©l»l5 ©SlJ56©Jf^KHl 

*sa©«b**svr«tt^ci 9 *ht?* o , a i 6 
[oio3] msommmm-ciz, m i 5 fc^-r*n 

<. ^l(DiQ6CDf^«CC^m4©^ffi(D^SICCcfco-C 20 

[0104] J«T. IB5©||]5i©^CC<&£±flMtS3& 
MTJV^') XA&mi 670- • - h£#JSl/-Cgi 

w?z>. ft. &'&£.f&icm?z>S'{>T)i3 t )XM*m 

i ©ni&©ff2H©s 5 tmmv&z. 

to i o 5 ] wrwrn-tzt. s 3 o otcfc^r^i © 
Jg$s©ff^rj£^fc±f*«3&3£U'--^> (i67d- 

• n *i»f u ±.&]%2zbzmtt>z>. ft. ± 

(cc-c rjstsy&j it,**.) iitgxsci^ 
[0106] «i»r s 3 0 2 tcmA,rmibfc±#m2 tc 

7-f ;U*?g!#£m>. S*l±f*ilS 3 C©«t^ 
K. HJ77 (Mi&Jfc) *D-^7 ^^^tCT&H-f-SCi-C 

[0107] m5©HSfe©Jf^«±IS©iP< fifSUfcC 

i-c. S£B?©^BS©Jf5SI©^«:»n^r^^bMatc«i; 40 

[0 108]ffe#. CCi^iMKiot. BBgpft© 
£1$ «5 S <!: # (c 5i. W-ffi { tic <fc -> T ±ftig 3 *> 

$>z>. 

[ 0 1 0 9 ] m 1 7 «c©^©m6 ©^©jf^tc^ 50 
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aaKl©tWS**T«»B:7n v fHt* 0 . S 1 8 tt* 

©ism bp*?. ±(W3ftser*rf»jXA*si-7n- 

[0 l l 0] !S 6 ©**©»«!«:& -?r«. 5*n©*fe 
£. ±(*iS53?r-S(C«o<«:C^^l©Se*trpR^ffi-e 

[0 1 1 1 ] Ml 8 7P- • ^ + - h£#Ml/Tfg6© 
^S6©JfJ@.CC»^,^g©±{*ii;3^T^rf 'J 

1 ©Jlit©JF2i!©0 5 i|3]1ir & 

[0112] st^s 400 ccteo-rm i <Dmm<DBm-c 

M 6 KM L/ o -C3Sft^J-C©aS±#: 

H53 (f 1S») £f§£. il>tS4 0 2CCjlA/C5fc 
(cm l ©8£*««#ffi£ ura^fc^l©^9S?:Si,> 

•5. 

[0113] il,>tS4 0 4StjiA/cgi&B$£lJ (B#£IJ 
t) t©i*Wl, W2 fit/. 1»W1. 

W2&*. wi+w2= izm&L, wi. w2-en-e*a 

©B#P^{t*5?te»^-e*?>J; i 5CC^-r6 0 i^tS4 

0 6«:^-c»a^fii^»Hi-rs„ br*5, »k is 2 

©Mi^ffltc^bfcM^Wl . W2£j£DTf#fc?S£ 
^»ffi£@«U:ft;S3<!:-fS. 

[0 114] si6©3|]fe©f^ct&o-ctt±ia©£n<*t 
asM-r^ci^-cit^,, fat, h o ^iis< LMzzt. 

v h©^ (^Mgpft©ffl) *s#^L/«:<&4Jgn3{H* 

So 

[0 1 1 5] ft. ^6©*«t©ff^-C«J^zg0^2o© 

[one]**:. ^6©ws©^-c«. m2mmz 
um 5 ©XiS©jf5.««:^L/fc^fe«1-©^*fflt^rff 

[0117] «*.«. ^l©Hfit©^. 02 ©^66© 
*5t4i03^(,^05©H^©t^^fflt^r^ 
^< lffl©±^W3^^5:^*. WteZOtimZ 

^a>fca^©±<*is 3 M&jfcfcSij&L. -c-e-n 6©^&jf$ 
[0 1 18 3 hcc. ^©^Ki.fc^rif.jg^^ffr^ 
a ) -SIS 0>mj£ic^;£t\ZW&-e$> 



(10) 
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e ) t77-f >xm i <omm<DBm^m^x i ##©m 

?*<Dtt4ft>6 (&»J) ^^-f ?riM(cK*tliO. 
[0 1 19] S&5©SU&S©ff^<!:i!|ft9. *ffie«R5S 

C 0 1 2 0 ] H 1 9 «C©&9§©*7 ©HiSCOff^tc^ 20 

©S&fPSrijcr^n- • ^-p- f--c&£„ 
[0121] &7©HiS©J&a8K:*oTfcJ:. ^6©H«fi 

[0122]i207P-' ft-h§#il/tS7© 

mm<DBm<Dm5tmmv&?>. 30 

[0 12 3]«T»T5i, S50 0&OUS50 6 

(c*j i » -car 6 (ommmm t isj«©&s£tT ^tsii 

tfc*;* £l?/cf&. S 5 0 8 Kit A,Tl# fcff (c£ 5 ©Hi* 

[0124] ^7©nte©jf^«±ta©in< Mi/fc© 
■C. m 1 ©*5S©ffJSI©^«:flD^. IS6£>.2>i>ttffl5 
©H^©^{ctb©br-M?t6*^j:±#i)i^<&®s c 
tifiXZZ. 

[0 1 2 5 3 021 «C©^(Dm8©HJ6©0*|K:^ 
•5.$|g©^f£?r^-r^-/a v ?mx-ibZ>. 40 

[0126] I8OHl0«*o-Ctt. 0in©i0 
<. m?©!!^©^©^*^]?^^^^^^/^, 

bp%. jfsiM&^£Sii2M^£*ft^nflnfi¥-isjL.-c 

*W1, W3. W5. *S«,>»W2. W4. W6«. 
[0127] S8©HSS©}{5SSK:tjt»r«JilB©Sa< W 50 
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[ 0 1 2 8 ] flSL Cft«±CC¥ra<t&SW*flnfi¥^£ 

[0129H22 {tc<D^m<om9<Dmm<DBmcm 

*Jl,>-Ctt4J£ (£) 0tT©O^f r£*tm£U ^©# 

[0130] feinttWf St. H*n©4S*MTO#? h 
lOOtt, ±{* (S#) 102t, -&*^C^W1SB8g0 1 
04 (B?iiaL-/c®l©Kg5) ^/ro-ciiM 3ti^4*© 
WgP'J>* 1 0 6*>6&£. 4^©WSP';>^ 1 0 6« 

-en-en, -e©^ (W5fc*g) 1 0 8 <b©ratcra@ 1 

1 0 (mffebfcm2©MI9) Mm&Ltj:^ 

[0131] |^©4£MTa#-> r 1 0 oecfci^rfe 
^HU©H]te©Jf^-C©2S^fP^ ^ h 1 tmmic. ± 
ffcl 0 2 (D7k¥-&M (Xb, Yb) fccfcO'^ (6»xb, 6>y 
b. 0zb) ^T-±#©il!3Zb£3fc«>T|igg5 

10 4. 1 1 0*Sg8&i8l©lU £->xmic93VXm??j 
[6] ft jiff 5 -t±£ C i ifiX * -5= 

[0 13 2] isBTN 02 3Kin-r$n<±f*^5Zb 
W. ±{* 1 0 2 ©J£ffi©cb'l> 10 2a tficffi 1 1 2 i© 
§8iS#|Sj (MJjJjfa) mm-Cfr.-r. S/t4*©WSi5';> 
f 1 0 6©)&MS51 1 0©ftK£6>n. W3t4Sl 0 8© 
(Xn, Yn, Zn) (n : 1~4> Vfn?* 

[0133] ^9©HJfe©^«K^S^g©»fP=&02 
4 70--^t-l-5:#Ml/TtftWt5t. S600* 

6 S 6 0 4 * ^^©^©^ilsl^OMa^ff ofc 
f^. S 6 0 6 K:a^■CffifSl] t CC*iW£ g«±ft*¥fig 

(xb, Yb) . B«_h<*5£i£ (0xb, 0yb, 61 *) . fcJ: 
CfSWW^&S (Xn, Yn, Zn ) (n : 1~4) 
«>. S6 0 8K.MA,-cmm±#fe2Z b4*ftS„ 

[0 13 4] 02 5«-^©f^«?:^T^^-5 L > • 7 
a- • h-e&t). felT^-rst. S700, S 

7 0 2 *mx S 7 0 4 (Cjt^. S«±»*^{4g (Xb.Y 
b). <Rgffl±^iS3Zb. ±ft^(0xb, 0yb, 6»z 
b) . fciOWft^ftg (Xn.Yn, Zn) ^*E>. SW©S« 

msKge i o 4©(ig mm) tsmmftm 1 o 8© 

{4g©^ (AXn. AYn, AZn) ?r*J?)-i) 0 02 3tCCtl 
^©(ii^Tnf . 

[0135] -X^XS 7 0 6Kii^*«f)/c^3!P60* 
©5££m>Tia§Hgp£l 0 n?r^«f)S„ ^>tS7 0 8iC 
jlA-C^Err ^a^©$n<#WL/. S 7 1 0 WtA/T-M 

itS 7 1 2«:ittf<t*K:. §^3n5i^»S7 1 4K 
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JSA/-CBKS S7 1 6tt:te(,>TfiIZ bZffiiL-? 
cc-e, SKStt^HpfrtK^-rJ^tcfffflSft 

4#>6. 4S (4BP) mrntf? Kcfcor^ 2£ 
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